Cognitive impairment is a feared complication of cancer treatment (1) (2) (3) (4) and has been extensively studied in breast cancer patients (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . Subjective cognitive complaints have been a driving force behind research in this area since the late 1990s (17) . A recent metaanalysis conducted by Jim et al. (18) concluded that in the posttreatment period with standard dose chemotherapy, statistically significant small deficits in neuropsychological (NP) domains of verbal and visuospatial ability could be detected. In most early studies, subjective complaints were more often associated with symptoms of depression and anxiety (5, 9, 14) , calling into question whether patient-reported complaints reflected neurophysiological changes.
Brain imaging studies have begun to provide more information about the biology of cognitive function after cancer treatment exposures. A recent prospective, controlled study (pre-and postchemotherapy) of NP testing and magnetic resonance imaging (MRI) found changes in gray matter associated with chemotherapy treatment, suggesting a physiological basis for cognitive disturbance (19, 20) . Two additional imaging studies demonstrated that chemotherapy-exposed breast cancer patients reported cognitive complaints (memory and executive function) that aligned with relevant NP test domains, as well as with associated anatomic brain regions (21, 22) . These emerging data suggest that cognitive complaints may reflect underlying changes in cerebral functioning. The lack of association between NP test performance and subjective cognitive complaints in prior studies with breast cancer patients (23) could reflect the lack of specificity and sensitivity of the self-report tools, or could be due to reliance on global measures rather than domain-specific assessments.
To this end, we examined the relationship between subjective cognitive complaints and NP functioning in the setting of the University of California, Los Angeles (UCLA) Mind Body Study (MBS), a large prospective cohort study of recently diagnosed, early-stage breast cancer patients enrolled after completion of adjuvant therapy and prior to initiation of endocrine therapy (24) . A principal goal of the MBS was to assess prospectively the impact of endocrine therapy on subsequent cognitive functioning, while accounting for prior hormone exposures and treatment-associated changes in menstrual status. Cognitive complaints are at their peak in the immediate post-adjuvant treatment period (25) , and the MBS baseline assessment provided a rich source of data to examine potential contributing factors. We hypothesized that domainspecific cognitive complaints could be identified in this setting, and that they would be associated with relevant NP domains, as well as with chemotherapy treatment exposure and change in menstrual status.
Patients and Methods
Study Participants, Recruitment, and Design Eligible women were aged 21-65 years; were newly diagnosed with stage 0, I, II, or IIIA breast cancer; had completed primary breast cancer treatments within the past 3 months; had not yet started endocrine therapy; were available for 12-month follow-up; and were English language proficient. Exclusions/ineligibility included current or past disorder/disease of the central nervous system or medical condition impacting cognitive functioning; head trauma history with prolonged loss of consciousness; epilepsy, dementia, or learning disability; current or past psychotic-spectrum disorder or current major affective disorder; current substance abuse/dependence; daily tobacco and alcohol use; whole brain irradiation or surgery; prior cancer diagnosis or chemotherapy treatment; active autoimmune disorder; insulin-dependent diabetes; uncontrolled allergic condition or asthma; chronic use of oral steroid medication; and hormone therapy (estrogen, progestin compounds) other than vaginal estrogen. Exclusions related to hormones and inflammatory conditions were required due to other MBS aims focused on the biology of cognitive dysfunction (24) .
Study recruitment occurred primarily through rapid case ascertainment of stage-eligible patients identified through the Los Angeles County Surveillance Epidemiology and End Results (SEER) registry from selected collaborating physicians and hospitals. Prior publications include details of subject identification, screening, recruitment, and enrollment (24, 26) . Figure 1 shows the overall study design. Preliminary MBS data describing some baseline symptoms and inflammatory markers are reported elsewhere (26) , and preliminary longitudinal data related to inflammatory markers, subjective complaints, and brain imaging are described in another recent report (24) . The research was approved by the UCLA Institutional Review Board, and all participants provided written informed consent.
Demographics, Clinical Information, and Symptoms
Information was obtained from self-report and medical record abstraction. The Beck Depression Inventory-II (BDI-II) was used to assess depressive symptoms during the preceding two weeks (27) , with higher scores indicating more severe symptoms. We also calculated two subscales of the BDI-II with 14 items representing the cognitive/affective component (eg, sadness, pessimism, guilt, loss of pleasure) and seven items focused on the somatic aspects of depression (eg, loss of energy, changes in sleep or appetite, loss of interest in sex).
Cognitive complaints were assessed with the Patient's Assessment of Own Functioning Inventory (PAOFI) (28), a self-report instrument with prior evidence for correlation with NP test changes in cancer patient samples (23, 29, 30) . The PAOFI contains 33 questions and is divided into four subscales: memory (10 questions), higher-level cognition (HLC) measuring executive function (nine questions), language and communication (nine questions), and motor-sensory perception (five questions). Each PAOFI complaint item was rated on a 6-point Likert scale from 1 ("almost always") to 6 ("almost never"). We scored the PAOFI by assigning a score of 1 to each item rated as "almost always," "very often," and "fairly often," whereas items rated "once in awhile," "very infrequently," or "almost never" were assigned a score of 0 (28) . Thus, the total score for the PAOFI ranges from 0 to 33, and each subscale from 0 to the total number of items in the subscale (ie, the memory subscale ranges from 0 to 10 and the HLC subscale ranges from 0 to 9). As normative data for the PAOFI were lacking, in this report we include comparative data from a healthy control population of women without breast cancer obtained from a concurrent study at the University of California, San Diego (UCSD) (31) . In that study, healthy volunteers were recruited to match a prospective, longitudinal study of cognitive function in women receiving breast cancer adjuvant chemotherapy (S. Ancoli-Israel, NCI R01 CA112035). Demographic data, body mass index (BMI), depression and PAOFI scores were available from the 63 healthy women enrolled in the UCSD study.
Fatigue was assessed using the Multidimensional Fatigue Symptom Inventory-Short Form (MFSI-SF), a 30-item questionnaire that includes five subscales: general, physical, emotional, mental fatigue, and vigor (32) .
Neuropsychological Assessments
NP testing was conducted by a trained technician, closely supervised by a licensed clinical neuropsychologist using procedures detailed in an earlier report (24) . The 120-minute test battery is described in detail in Supplementary Table 1 . NP test scores were standardized to z scores, with positive scores indicating outcomes better than age-corrected normative performance scores with a mean of 0 and standard deviation of 1, and negative scores reflecting lower than normative performance (see Supplementary Table 1) . These scores were then used to create NP test domains based upon prior factoranalytic studies of larger NP data sets, as well as groupings used in other studies with this population (33) . We identified a priori variables most salient for the cognitive domain being studied. An estimate of full-scale IQ, the Wechsler Test of Adult Reading (WTAR), was administered only at baseline.
Statistical Analyses
PAOFI total and subscale scores from the MBS sample were compared to data from the UCSD healthy female controls, using χ 2 or t tests as appropriate, permitting definition of a normal range for each PAOFI subscale for comparison with the MBS sample. Only two PAOFI subscales (memory and HLC) showed statistically significant differences; these were examined in subsequent evaluations. Bivariate tables were constructed to identify demographic and treatment characteristics to include as predictors, as well as NP domains, adjusted for age and IQ, to include in multivariable models. MBS patients with PAOFI subscale scores >1 SD above the mean for the healthy controls (high complaints) were compared with patients whose scores were ≤1 SD above the mean (within-normal-limits levels of complaints) using χ 2 or t tests. The PAOFI scores were log transformed [log(x+1)] due to nonnormality, in the multivariable linear regression analyses. Multivariable models included age and IQ, as well as statistically significant variables (P < .10) identified in the bivariate analyses. Final models were run with and without BDI-II scores to control for depressive symptoms, excluding the BDI-II item that asked about concentration from the total score. Additional multivariable models were run with the BDI-II somatic and cognitive/affective subscales instead of the BDI-II composite score. Finally, a stepwise linear regression was also performed to assess whether there was any redundancy in predictors selected for other reasons and to summarize the relative contribution of each factor to the overall model variance. For these regressions, the BDI-II somatic and cognitive/affective subscales were entered separately to discern any differential associations. All statistical tests were two-sided and all analyses were conducted in SAS 9.3 (Cary, NC).
results

Recruitment Results and Patient Characteristics
Recruitment began in May 2007 and ended in February 2011. More than 3000 patients identified from the SEER registry were sent invitation letters; we also received referral of 83 patients, independent of the registry recruitment. Details of recruitment results are shown in Figure 2 . The most common reasons for ineligibility were initiation of endocrine therapy/beyond enrollment window (53.1%), demographic/medical exclusions (17.9%), and autoimmune and behavioral confounders (eg, alcohol/tobacco use) (15.2%). Two hundred forty patients were eligible after screening and 214 were scheduled for a baseline visit; however, only 189 completed the baseline visit with evaluable data. Nonparticipating eligible patients did not differ from MBS participants in age, marital status, education, type of surgery, chemotherapy status, radiation status, or anticipated endocrine therapy use (all P > .05); however, they were more likely to be nonwhite than enrollees (36.2% vs 19.5%, P = .01).
On average, study participants were almost 52 years old and enrolled 6.6 months after their breast cancer diagnosis, with completion of primary treatment about 1 month earlier (Table 1) . Most were white, married, college educated, and postmenopausal prior to their breast cancer diagnosis. Two-thirds received breastconserving surgery; more than half had received chemotherapy; and three-quarters had received radiation therapy. Past hormone therapy exposure and menstrual status are also reported. The BDI-II mean score for the sample was 8.8 (95% CI = 7.9 to 9.8; data not shown), well below the cut point for clinical depression of >19, suggesting that eligibility screening had been effective in excluding clinically depressed individuals. A total of 68.3% were planning to receive endocrine therapy (not started at time of this visit; data not shown).
Cognitive Complaints at the End of Primary Treatment
PAOFI scores for the MBS sample were compared to the healthy female controls in the UCSD sample. There were no statistically significant differences in age, ethnicity, marital status, BMI, or depressive symptoms between the two groups, but the MBS sample had statistically significantly higher education and income (Supplementary Table 2 ). For the PAOFI total and subscale scores, the MBS sample had statistically significantly higher total (P = .004), memory (P = .003), and HLC (P = .01) scores, indicating more severe complaints (Supplementary Table 3 ). There were no statistically significant differences in the remaining PAOFI subscales (language and communication; motor-sensory perception). Thus, subsequent analyses focused on the PAOFI memory and HLC scales.
We classified MBS patients as having higher or normal range/no complaints on the PAOFI memory and HLC subscales to evaluate bivariate relationships between cognitive complaints and potential demographic and clinical variables (see Table 1 ). Using this classification, 23.3% of patients endorsed higher memory complaints and 19.0% reported higher HLC complaints. Women with higher memory complaints were more likely to have received both chemotherapy and radiation than women with normal complaints (59.1% vs 35.2%, P = .004), as were women with higher HLC complaints (58.3% vs 36.6%, P = .02). There was no statistically significant relationship between higher memory complaints and treatmentinduced amenorrhea or menopausal status. Few differences were seen for women with higher HLC complaints with the exception of a history of past hormone therapy (HT) use (51.4% vs 24.0%, P = .001).
The relationship between cognitive complaints and fatigue was examined by performing correlations with the MFSI-SF subscale scores for mental and physical fatigue (data not shown). The mental subscale score was statistically significantly correlated with PAOFI memory (r = 0.605, P < .001), and with the PAOFI HLC (r = 0.473, P < .001); no statistically significant correlations were found for the (18) 9.1% (4) 9.7% (14) 11.1% (4) 9.2% (14) Black 2.6% (5) 4.6% (2) 2.1% (3) 2.8% (1) 2.6% (4) Asian 4.8% (9) 6.8% (3) 4.1% (6) 2.8% (1) 5.2% (8) Other 2.6% (6) 6.8% (3) 2.1% (3) 5.6% (2) 2.6% (4) 18.2% (8) 33.1% (48) 22.2% (8) 31.4% (48) No college degree 18.0% (34) 22.7% (10) 16.6% (24) 25.0% (9) 16.3% (25) IQ, mean (95% CI) 35.2% (51) .004
58.3% (21) 36.6% (56)
.02
Chemotherapy only 10.6% (20) 15.9% (7) 9.0% (13) 16.7% (6) 9.2% (14) Radiation only 33.9% (64) 20.4% (9) 37.9% (55) 19.4% (7) 37.2% (57) Neither 14.8% (28) 4.6% (2) 17.9% (26) 5.6% (2) 17.0% (26) Anthracycline use Yes 24.7% (24) 24.2% (8) 25.0% (16) . 94 29.6% (8) 22.9% (16) . 49 No 75.3% (73) 75.8% (25) 75.0% (48) 70.4% (19) 77.1% (55)
Trastuzumab use Yes 14.0% (27) 25.0% (11) 11.0% (16) . 02 25.0% (9) 11.8% (18) .04
No 85.7% (162) 75.0% (33) 89.0% (129) 75.0% (27) 88.2% (135)
Stage at diagnosis Stage 0 13.2% (25) 2.3% (1) 16.5% (24) .04
5.6% (2) 15.0% (23) . 27.6% (40) 38.9% (14) 29.4% (45) Stage III 9.5% (18) 11.4% (5) 9.0% (13) 11.1% (4) 9.2% (14)
( physical subscale (PAOFI memory r = 0.025, P = .73 and PAOFI HLC r = 0.128, P = .08). Table 2 presents bivariate relationships for the NP test domains adjusted for age and IQ in women with higher and normal PAOFI memory and HLC complaints. Of note, for many of the NP test domains (eg, verbal learning, verbal memory, and psychomotor speed), the MBS sample scores were approximately 0.5 SD above age-based normative reference data regardless of complaint status, likely reflecting the high level of education, socioeconomic status, and estimated IQ for the MBS sample. Women with higher memory complaints had marginally lower NP verbal memory performance than the normal group (P = .08). Women with higher HLC complaints demonstrated worse performance on psychomotor speed (P = .01) and executive functioning (P = .003); however, those with higher complaints tended to perform better on the NP visual memory tests (P = .04).
Relationship Between Cognitive Complaints and Neuropsychological Test Performance
Multivariate models were then conducted to examine associations between PAOFI memory and HLC complaints and these four NP domains (NP verbal memory performance, psychomotor speed, executive functioning, and visual memory), controlling for known factors associated with NP performance (age, IQ, and depressive symptoms), as well as statistically significant treatment associated variables identified in the bivariate comparisons (see Table 1 ). The PAOFI memory subscale results are shown in Table 3 . The base model without depressive symptoms found that poorer NP verbal memory (P = .01) and combined chemotherapy and radiation (P = .002) were statistically significantly associated with the PAOFI memory subscale score with a model adjusted R 2 = 0.15. With the BDI-II in the model, these statistically significant results were retained (higher memory complaints associated with combined chemotherapy and radiation treatments, P = .01; poorer NP verbal memory performance, P = .02), with only modest reduction in parameter estimates; the BDI-II score also was statistically significant (P < .001), increasing the adjusted R 2 to 0.30. Table 4 shows the model results for the PAOFI HLC subscale, with and without the BDI-II. In both models, poorer NP executive function performance was associated, though not significantly, with higher HLC complaints (P = .09 without and P = .07 with depressive symptoms in the regression model). In the base model, better NP visual memory (P = .01), combined chemotherapy and radiation (P = .03), and HT use (P = .01) were all statistically significantly associated with higher HLC complaints, with an adjusted R 2 of 0.21. When the BDI-II was added to the model, past HT use was no longer statistically significant (P = .09); however, better NP visual performance remained statistically significant (P = .03), whereas combined chemotherapy and radiation treatment (P = .05) only approached statistical significance, and the BDI-II was statistically significantly associated (P < .001), increasing the model adjusted R 2 to 0.34. A final regression was conducted that included the two BDI-II subscales instead of the BDI-II composite score (data not shown). For both memory and HLC models, the parameter estimates for the NP tests were statistically similar to the estimates in the regressions with the BDI-II composite score. The BDI-II cognitive/ 28.4% (40) . 66 51.4% (18) 24.0% (36) . 18.1% (26) 8.3% (3) 17.8% (27) Became irregular 5.3% (10) 4.6% (2) 5.6% (8) 0.0% (0) 6.6% (10) Stop but resumed 4.8% (9) 6.8% (3) 4.2% (6) 8.3% (3) 4.0% (6) Amenorrhea 20.7% (39) 22.7% (10) 20.0% (29) 19.4% (7) 21.0% (32) * High complaints have PAOFI memory or HLC scores >1 SD above the mean for a healthy controls comparison group (2.04 and 0.37, respectively). All P values represent a comparison between the high and normal complaint groups for memory and HLC. CI = confidence interval; LMP = last menstrual period. † Groups were compared using t tests for continuous variables and χ 2 tests (or Fisher exact tests as appropriate) for categorical variables; all tests were two-sided. affective subscale was statistically significant for both PAOFI memory and HLC (P = .01 and P < .001, respectively), and the BDI-II somatic subscale was statistically significant for memory (P = .01) but not for HLC (P = 0.17).
To further refine our understanding of the contribution of each variable to these self-reported cognitive complaints, and in particular to assess whether any predictors were potentially redundant, stepwise linear regression models were examined (Supplementary  Tables 4 and 5 ). For PAOFI memory complaints, we found that the NP verbal memory domain contributed 0.03 to the model's variance (10% of the total variance) and the BDI-II somatic subscale contributed 0.13, explaining about 43% of the total variance with the cognitive/affective subscale contributing 0.03 or 7% of the total variance. For the PAOFI HLC model, the three NP domains together contributed 0.07 to the model (about 21% of the total variance) and the BDI-II somatic subscale contributed 0.08 to the model, (about 24% of the total variance), whereas the BDI-II cognitive/affective subscale contributed 0.06 to the model (16% of the variance).
Exploration of the Relationship Between Higher-Level Cognition Complaints and NP Visual Memory
Women who have used long-term postmenopausal HT have been reported to have better visual memory on NP testing and doing a visual memory task during brain imaging (34, 35) . In the MBS sample, past HT was associated with higher HLC complaints. Thus, we hypothesized that the finding of better visual memory in these women could be a result of the prior HT exposure, with higher executive function complaints at the end of treatment representing a perceived decline in NP visual memory as a result of discontinuation of HT at the time of breast cancer diagnosis, or an interaction with chemotherapy and radiation exposure. To test this hypothesis, we examined the trajectory of subsequent NP visual memory performance in the following year among the women with higher and normal HLC complaints. There were 34 high-HLC-complaint women and 140 normal-HLC-complaint women who were tested 12 months later, with about 70% of each group receiving adjuvant endocrine therapy in the following year (no statistically significant difference in use). For the high-HLC-complaint group, the unadjusted baseline mean NP visual memory domain score was 0.185 (95% CI = 0.059 to 0.428) and 12 months later it was -0.324 (95% CI = -0.600 to -0.048), for a mean within-subjects change of -0.509 (95% CI = -0.796 to -0.222, P = .001). For the normal-HLC-complaint group, the unadjusted mean NP visual memory domain score at baseline was -0.077 (95% CI = -0.217 to 0.063) and 12 months later was -0.063 (95% CI = -0.214 to 0.089), for a mean within-subjects change of -0.006 (95% CI = -0.177 to 0.164, P = .94).
Discussion
Cognitive complaints are common after breast cancer treatments, but prior research had not identified consistent association with NP test abnormalities (23) . In this study, we investigated clinical and treatment factors likely to be associated with post-adjuvant treatment cognitive complaints. We identified two specific domains of cognitive complaints (memory and executive functioning) for examination based on comparison with data from a normative reference .12
* High complaints have a PAOFI memory or HLC score >1 SD above the mean for a healthy controls comparison group (2.04 and 0.37, respectively). CI = confidence interval; HLC = higher-level cognition. † Scores were calculated by comparing subjects' scores against age-corrected normative scores with a mean of 0 and standard deviation of 1, with positive (ie, >0) scores representing higher/better performance. ‡ Groups were compared by t tests of the least squares means from general linearized models, adjusted for age and IQ for memory complaints, and age, IQ, and hormone therapy use for HLC; all tests were two-sided.
sample, and hypothesized that more precise evaluation of subjective complaints would facilitate identification of an association with domain-specific NP test abnormalities. Contrary to prediction, recent onset of amenorrhea was not associated with higher cognitive complaints in either domain, but past HT exposure was statistically significantly associated with executive function complaints. In multivariable models, poorer NP verbal memory performance was statistically significantly associated with higher memory complaints, whereas NP executive function was not statistically significantly associated with higher executive function complaints. Higher memory complaints were statistically significantly associated with the combination of chemotherapy and radiation treatment (not chemotherapy alone). Depressive symptoms as measured by the BDI-II were statistically significant in both the memory and executive complaint models; however, it should be noted that this was not a clinically depressed sample, and that the somatic subscale of the BDI-II (eg, sleep disturbance, loss of interest in sex, fatigue)-constitutional symptoms that are common after adjuvant therapy (36)-was only statistically significant in the memory complaint model.
Interestingly, higher executive function complaints were associated with past postmenopausal HT in the base model, but not when controlling for depressive symptoms. In the absence of precancer treatment NP evaluation of these women, we cannot fully evaluate the temporal relationship between these past exposures and the NP evaluation that was done after cancer treatment was concluded. However, a post hoc examination of the trajectory of subsequent NP visual memory scores over the course of the follow-up year comparing the high HLC complaint group to the normal HLC complaint group showed a statistically significant decline in NP visual memory scores among high complainers. Thus, it is possible that women with higher executive function complaints post-adjuvant treatment may be perceiving a changing performance with regard to visual memory, which plays a key role in learning, memory, and executive function. There is an executive function component to visual memory tasks such as the ones used in this study, and it may be that those who are particularly strong on such tasks are more sensitive to disruption or change in efficiency. * PAOFI HLC score transformed with log(x+1). BDI-II = Beck Depression Inventory-II; CI = confidence interval. † Estimates were tested for H 0 : estimate=0 with a t statistic, controlling for all other variables in the regression model; all tests were two-sided. § Scores were calculated by comparing participants' scores against age-corrected normative scores with a mean of 0 and SD of 1, with positive (ie, > 0) scores representing higher/better performance.
|| BDI-II is calculated without the item pertaining to concentration. Our finding of statistically significantly better NP visual memory performance among women with executive function complaints is a novel finding, although a recent functional MRI study in women who had received long-term HT found enhanced activation during a visual working memory task (34, 37) . In addition, recent studies of women transitioning through natural menopause suggest that there may be a window of opportunity in which early initiation of HT may protect against elements of cognitive decline (38) (39) (40) (41) . One large cohort study of older French women examined lifetime estrogen exposure, reproductive factors, and cognitive function longitudinally and found that women on current HT performed statistically significantly better on a task of visual memory (35) . Given that visual memory activity is localized to the nondominant hippocampus, a region of the brain known to be rich in hormone receptors, our finding of this association may have some biological significance; however, our cross-sectional findings of an association with executive function complaints may also be a chance finding without clinical significance.
Recent studies have now found that subjective cognitive complaints in midlife women going through the menopausal transition are associated with objective NP test abnormalities, as well as menopausal and depressive symptoms (42, 43) . Of note, both of these studies used self-report scales that focused on everyday function and behaviors that require attention and memory. A brain imaging study of healthy postmenopausal midlife women used functional MRI and a working-memory task to examine brain activity among women with increased cognitive complaints compared to women who did not endorse cognitive complaints on a screening questionnaire (44) . Although no statistically significant differences were found between the two groups on an extensive NP test battery or other variables, those with increased cognitive complaints showed greater activation in a broad network involved in working memory during an increasingly difficult memory task, compared to noncomplainers. The authors concluded that subjective cognitive complaints in postmenopausal women might be associated with increased cortical activity during the effort of demanding cognitive tasks (44) .
There has been much interest in developing a better understanding of the biological mechanisms associated with objective and subjective changes in cognitive function after a cancer diagnosis and treatment (45) (46) (47) . We have previously reported an association between memory complaints, an increase in the soluble tumor necrosis alpha (TNF-α) receptor II, and changes in brain metabolism on positron emission tomographic imaging, in an earlier longitudinal report from the MBS study that was focused on chemotherapy exposure (24). Kesler et al. (48) have found a statistically significant association between increased cognitive complaints, increased plasma cytokines (including TNF-α), decreased hippocampal volume, and verbal memory performance in long-term breast cancer survivors compared to controls. These two studies (24, 48) provide support for an underlying proinflammatory biological mechanism for the relationship between breast cancer treatments and subjective cognitive complaints, as proposed by Miller et al. (49) , and would be consistent with the biology of persistent fatigue in breast cancer patients (50) . Our finding that cognitive complaints were most strongly associated with the combination of chemotherapy and radiation suggests their potential synergy in increasing posttreatment inflammation that may be an etiology for subjective cognitive complaints.
The strengths of this study include its large sample size, thorough evaluation of cognitive complaints with use of a domainspecific approach to examining associations with a comprehensive NP test battery, and careful evaluation of potential treatment exposures, including changes in menstrual status and past HT exposure. Limitations include the exclusion of older women (>65 years), women with chronic inflammatory conditions, and those with active clinical depression, which were ineligibility criteria required to reduce confounding for other study endpoints focused on inflammatory biology and posttreatment symptoms (24, 26) . These analyses are also limited by their cross-sectional nature, with the exception of our exploration of subsequent changes in visual memory NP testing among women with and without higher executive function complaints.
Despite skepticism regarding the validity of cognitive complaints and their relationship to NP test performance in cancer patients (23) , this study suggests that patient self-report is associated with relevant domains of NP function, which is strongest for memory complaints. There is an emerging literature supporting the ability of individuals to subjectively detect changes in cognitive function that precedes statistically significant changes in NP performance or structural imaging abnormalities (51) . Our findings add further support for the value of patient-reported outcomes as a central measurement in evaluation of cancer treatment-related morbidities (52) . We encourage continued research on the biopsychosocial factors associated with subjective cognitive complaints in cancer survivors. 
